Scyphistomae show different modes of propagation, occasionally allowing the sudden release of great numbers of medusae through strobilation leading to so-called jellyfish blooms. Accordingly, factors regulating asexual reproduction strategies will control scyphistoma density, which, in turn, may influence blooming potential. We studied 11 scyphistoma species in 6 combinations of temperature and food supply to test the effects of these factors on asexual reproduction strategies and reproduction rates. Temperature and food availability increased reproduction rates for all species and observed reproduction modes. In all cases, starvation was the most important factor constraining the asexual reproduction of scyphistomae. Differences in scyphistoma density were found according to the reproductive strategy adopted by each species. Different Aurelia lineages and Sanderia malayensis presented a multi-mode strategy, developing up to 5 propagation modes. These species reached the highest densities, mostly through lateral budding and stolons. Cassiopea sp., Cephea cephea, Mastigias papua and Phyllorhiza punctata adopted a mono-mode reproductive strategy, developing only free-swimming buds. Lychnorhiza lucerna, Rhizostoma pulmo and Rhopilema esculentum also presented a mono-mode strategy, but they only developed podocysts. These 3 species had the lowest reproduction rates and polyp densities; not only their reproduction rates but also the need for a 2-fold set of environmental stimuli to produce new polyps (one for encystment, another for excystment) made this reproduction mode the slowest of those observed to be utilized for propagation. We conclude that blooms may be defined phylogenetically by the specific asexual modes each species develops, which, in turn, is regulated by environmental conditions. KEY WORDS: Polyp · Scyphistomae · Mono-mode strategy · Multi-mode strategy · Budding · Podocysts Resale or republication not permitted without written consent of the publisher Contribution to the Theme Section 'Jellyfish blooms and ecological interactions'
INTRODUCTION
A main feature of the majority of blooming scyphozoans is the presence of a benthic polyp stage during which several asexual reproduction modes are utilized for propagation. In turn, under specific environmental conditions polyps produce and release great numbers of ephyrae (through strobilation), leading to population pulses that can sometimes result in me du sa outbreaks or the socalled jellyfish blooms (CIESM 2001) . Accordingly, it is logical to assume that once strobilation is triggered, the greater the number of scyphistomae, the higher the number of released medusae. Therefore, factors regulating polyp density will influence the formation of medusae blooms. Different environmental factors have been proposed to influence scyphistoma asexual reproduction and mortality rates. Among them, temperature and food availability appear to be the most important ones for the majority of species (Lucas et al. 2012) . In general, reproduction rates increase with temperature and food supply. However, the results available in the literature are conflicting and have hindered our understanding of reproductive patterns, as made evident in the review by Lucas et al. (2012) .
One of the reasons behind these controversial results may be found in the diversity of asexual reproductive strategies existing among scyphozoans and their interactions with multiple environmental factors. Only a handful of studies have discriminated between the different asexual modes scyphistomae exhibit during propagation (e.g. Han & Uye 2010), with the majority of studies focusing on the formation of podocysts and 'buds'. However, non-coronate scyphozoans multiply through a variety of asexual reproduction modes (Adler & Jarms 2009 ). Although the final product of these propagation modes is in all cases a new polyp, the use of a particular mode, or a combination of more than one mode, might have ecological implications related to blooming potential.
While some species exhibit the potential to display several asexual modes, even simultaneously, others only exhibit a few or just one (Adler & Jarms 2009). Therefore, considering the reproductive strategy to be the number and type of asexual reproduction modes displayed and the relative importance of each mode to polyp density, we hypothesize that those species capable of switching their reproductive strategy in response to environmental fluctuations will have a greater blooming potential. Although differ-ent asexual reproduction modes have been described for several species, little is known about the importance of each of them in terms of polyp propagation. To address these questions we performed a series of experiments involving 11 scyphistoma species. These experiments were organized to evaluate the effect of different combinations of temperature and food supply on the asexual reproductive strategy of each species. The null hypotheses tested were that reproductive strategy, reproduction rates and polyp density did not differ according to species or experimental conditions.
MATERIALS AND METHODS
Scyphistomae were reared in laboratory cultures from specimens collected in their natural environment or obtained from artificial fertilization. All species were maintained inside incubators under the temperatures and salinities provided in Table 1 . Scyphistomae were kept in the dark and fed once weekly with newly hatched Artemia nauplii. Cultures were maintained in glass or polystyrene dishes (~200 ml) filled with filtered (5 µm) seawater (34 psu). Although Cassiopea sp., Cephea cephea, Mastigias papua and Phyllorhiza punctata polyps usually host zooxanthellae in their tissues (which are important for strobilation), no studies have indicated that darkness influences other types of asexual reproduction (except for that of Cassiopea andromeda; Hofmann et al. 1978 (Table 1) . Scyphistomae were fed twice weekly with newly hatched Artemia nauplii. After the scyphistomae fed for 2 h, seawater, debris and uneaten food were discarded and replaced with filtered seawater at the corresponding temperature and salinity conditions. The presence of uneaten food items in all cases after the feeding period guaranteed that ad libitum conditions had been provided. Prior to each feeding event, the following variables were registered: (1) specific asexual reproduction modes, (2) the number of polyps produced during the 6 wk experimental period, i.e. polyp density (PD), (3) the total number of reproductive products produced during the 6 wk experimental period, i.e. overall reproduction rates (Rr) and (4) the number of each type of reproductive product produced during the 6 wk ex perimental period, i.e. specific reproduction rates. The different asexual reproduction modes were identified according to Adler & Jarms (2009). All reproductive products unable to feed (motile or non-motile, attached to or detached from the mother polyp) were considered for Variables 3 and 4. Once tentacles had developed and feeding had started, they were considered new individuals and considered in PD measurements.
Null hypotheses were examined by 2-way ANOVA or Kruskal-Wallis tests depending on whether each data set met the assumptions of normality and homocedasticity. In case of significant differences either Bonferroni's or Dunn's post hoc test was performed. In some cases of very low or null reproduction, or mortality of scyphistomae, we chose not to test the data for the 2 stud-ied factors because interaction could not be determined due to missing data (no polyps or no reproductive products). In these cases, we used a t-test, 1-way ANOVA, or the non-parametric Mann-Whitney and Kruskal-Wallis tests depending on whether or not each data set met the as sumptions.
RESULTS

Asexual reproduction modes
We observed the following asexual reproduction modes: typical lateral budding (LB), lateral budding by means of stolons (LBst), 'Sanderia-type' budding (StyB), reproduction from parts of stolons/stalks (ST), typical free-swimming buds/planuloids (FSB), motile bud-like tissue particles (MP) and podocysts (POD) (Table 2, Fig. 1 ).
Three different asexual reproduction modes involved the formation of stolons. In the LBst, a bud emerges from a stolon giving place to a new polyp ( Fig. 1B ) (see description in Adler & Jarms 2009). On the other hand, once a stolon is formed, this new stolon (or the old stalk) is constricted and severed, leaving variable amounts of tissue attached near the mother polyp from where new scyphistomae develop. These tissue fragments were registered as reproductive products and designated ST ( Fig. 1D ). Finally, formation of PODs occurred beneath the 243 Species LB LBst StyB ST FSB MP POD Table 2 . Observed asexual reproduction modes for the studied species (for details on the reproductive modes see the 'Results' section). LB: typical lateral budding; LBst: lateral budding by means of stolons; StyB: Sanderia-type budding; ST: reproduction from parts of stolons/ stalks; FSB: typical free-swimming buds/planuloids; MP: motile bud-like tissue particles; POD: podocysts; HL: Helgoland; JP: Japan; FR: France basal region of the scyphistomae or at the attachment area of stolons (or alternatively both). Independent of its origin, POD formation always involved the development of stolons ( Fig. 1K,L) . These stolons, although identical to other stolons, were not counted as the mode ST. Survival was high, reaching nearly 100% in all treatment combinations for all species, indicating an overall tolerance to experimental conditions. The number of asexual reproduction modes displayed by each species varied between 1 and 5 ( Table 2 ). We divided the species into 2 main groups according to the numbers of reproductive modes they exhibited during experiments. The first main group was represented by species displaying only 1 type of reproduction, i.e. the mono-mode species. Among these we defined 2 subgroups: one comprised species producing only FSBs (Cassiopea sp., Cephea cephea, Mas ti gias papua and Phyllorhiza punctata) and the other included species that only reproduce through PODs (Lychnorhiza lucerna, Rhizostoma pul mo and Rhopilema esculentum) (Table 2, Fig. 1 ). The second main group of species, i.e. the multi-mode species, comprised Sanderia ma layensis and the 3 Aurelia strains. These species reproduced through up to 5 different asexual reproduction modes (Table 2, Fig. 1 ).
MONO-MODE FSB-producers
Cassiopea sp. − − − −  − − Cephea cephea − − − −  − − Mastigias papua − − − −  − − Phyllorhiza punctata − − − −  − − POD-producers Lychnorhiza lucerna − − − − − −  Rhizostoma pulmo − − − − − −  Rhopilema esculentum − − − − − −  MULTI-MODE Aurelia HL   −  − − − Aurelia FR   −  −   Aurelia JP   −  −   Sanderia malayensis − −   −  −
Overall effects of temperature and food supply on asexual reproduction
Asexual reproduction rates in creased with food availability and warmer temperatures for all species and observed reproduction modes (see Figs. 2−7).
Effects on mono-mode group
FSB-producers
In general, Rr increased with food supply and temperature (Fig. 2) . No reproduction was observed under starvation conditions at 15ºC. Highest budding rates were reached by fed polyps at the highest temperatures (Cassiopea sp. and C. cephea: 25ºC; M. papua and P. punctata: 20 and 25ºC) ( Fig. 2) . Underlying this basic pattern, the 4 species presented different responses to experimental conditions. No budding was observed under starvation for Cassiopea sp. or C. cephea (Fig. 2) . Conversely, M. papua and P. punctata produced buds during starvation, although at lower rates compared to fed polyps (Fig. 2) . In M. papua, budding was observed only at 20 and 25ºC. This species was not able to reproduce at 15ºC re gardless of food availability. In contrast, upon reaching a critical temperature of 20ºC, this species started budding at rates that were elevated by food availability, but not affected by 245 Fig. 2 . Effect of temperature and food supply on free-swimming bud/planuloid production (FSB) and polyp density (PD, number of polyps in each experimental unit) of different Scyphozoa after 6 wk. Data are mean numbers of each variable ± standard deviation. Different letters represent significant differences at α = 0.05 higher temperatures (Fig. 2) . P. punctata showed the lowest budding rates of this group. However, P. punctata produced a higher number of buds than the other species at 15ºC and when food was available (Fig. 2) .
POD-producers
The highest number of PODs was produced under warmer temperatures while feeding ad libitum ( Fig. 3) . Excystment was observed only for L. lu cer na. No significant effects of the treatments were observed on excystment rates (Fig. 3) .
Effects on multi-mode group
The Aurelia strains and S. malayensis underwent various asexual reproduction modes, including LB, LBst, StyB, ST, MP and POD (Table 2, Fig. 1 ). With the exception of the Cassiopea sp. FSB rate at 25ºC, the multi-mode species presented higher reproduction rates than the mono-mode species. S. malayensis reached the highest production rates (383 new polyps in 6 wk).
Aurelia FR Rr increased with temperature and food supply (2-way ANOVA; p < 0.01), and the effects of the interaction between the 2 factors were not significant (p > 0.05) (Fig. 4A ). Rr increased with temperature in fed polyps (Bonferroni's post hoc test; p < 0.01) (Fig. 4A ). The effects on starved polyps were not significant (Bonferroni's post hoc test; p > 0.05) (Fig. 4A ). PD exhibited a similar but sharper response to the studied factors (Fig. 4B ).
Forty-eight percent of the new Aurelia FR scyphistomae were produced through LB; 32%, by ST; 17%, by LBst; and 3%, by MPs. The effects of temperature and food supply on the specific asexual modes follow ed the same pattern described for Rr ( Fig. 4C−H) . LB and LBst rates were very low, or even null under starvation, and were enhanced by warmer temperatures (Bonferroni's post hoc test; p < 0.01) ( Fig. 4C−F) . The ST rate followed a similar pattern (Mann-Whitney test; p < 0.05) (Fig. 4G,H) . The few MPs observed (n = 6) were produced only by fed polyps at 15ºC. Four PODs were produced by this species, but no excystment was observed.
Aurelia JP
The effects of temperature and food availability on the Rr of this species (Fig. 5A ) followed the same pattern described for Aurelia FR (2-way ANO -VA; p < 0.01). Nearly no polyps were developed under starvation (Fig. 5B ). Fifty percent of the new Aurelia JP scyphistomae were produced by means of LB; 27%, by ST; 18%, by LBst; and 5%, by MPs. Temperature and food supply effects on the specific asexual modes followed the same pattern described for Rr ( Fig. 5C−H) . No LBst were produced by starved polyps or fed polyps at the lowest temperature (15ºC). The LBst rate was enhanced by warmer temperatures (Mann-Whitney test; p < 0.05) (Fig. 5E ). LBst developed into new scyphistomae only at 25ºC (Fig. 5F) . The general pattern observed for ST was the same (Fig. 5G,H) Aurelia HL
The effects of temperature and food availability on Rr followed the pattern described for the other Aurelia strains (2-way ANOVA; p < 0.01) (Fig. 6A ), but interaction effects were significant (p < 0.05) (Fig. 6A ). Rr increased with temperature under both feeding conditions, although reaching higher rates when food was supplied (Bonferroni's post hoc test; feeding: p < 0.01; starving: p < 0.05) (Fig. 6A ). PD under ad libitum feeding displayed the same pattern described for Rr (Bonferroni's post hoc test; p < 0.05) (Fig. 6B) . No effect of temperature on PD was observed under starvation (Bonferroni's post hoc test; p > 0.05) (Fig. 6B) . Fifty-five percent of the new Aurelia HL scyphistomae were produced by means of LB; 25%, by LBst; and 20%, by ST. Neither MPs nor PODs were observed. The effects of temperature and food supply on the specific asexual modes displayed by this species followed the same pattern previously described ( Fig. 5C−H) .
Sanderia malayensis
The effects of temperature and food availability on Rr followed the general pattern previously described for the Aurelia strains (2-way ANOVA; p < 0.01) (Fig. 7A) . The few scyphistomae produced under starvation appeared during the first 2 wk of the ex periment. Rr and PD were increased by temperature under ad libitum feeding (Bonferroni's post hoc test; p < 0.01), but their effects were not significant under starvation (Bonferro ni's post hoc test; p > 0.05) (Fig. 7A,B) . Although reaching different specific rates, the 3 asexual modes utilized by S. malayensis followed the same pattern as that described for Rr ( Fig. 7C−H) .
DISCUSSION
Our results showed that overall reproduction rates and polyp density increase with higher temperatures and food supply for all species. This suggests that spring to summer is the period in which scyphistomae increase their population size and in which plankton generally shows its annual peak. However, this trend can differ when specific modes of reproduction are considered, such as PODs in Aurelia (see Han & Uye 2010 , Thein et al. 2012 . In general, reproduction was very low when no food 247 Fig. 4 . Effects of temperature and food supply on reproduction rates and polyp density (PD, number of polyps in each experimental unit) of Aurelia FR scyphistomae after 6 wk. Rr: overall reproduction rates; LB: lateral budding; LBst: lateral budding by means of stolon; ST: reproduction from parts of stolons/stalks. Data are mean numbers of each variable ± standard deviation. Different letters represent significant differences at α = 0.05 was available, for all species and temperatures. Starvation appeared to be a common limiting factor for reproduction under all temperature values considered in this study. On the other hand, temperature also affected reproduction rates, but significant effects varied between species. Beyond the reduced metabolic rates, the negative effect of temperature on scyphistoma reproduction was related to the deterioration of tentacles which reduced feeding capability, as we observed for Cassiopea sp. and Cephea cephea at the lowest temperature (15ºC) and for Aurelia at 5 and 10ºC. Therefore, the combined ef fects of temperature and food supply may synergistically affect scy phis to ma reproduction and, subsequently, densities in a positive or negative way. Although 8 different reproductive modes have been described for Scypho zoa, only Aurelia species and Sanderia malayensis fit into the multimode group. Several examples of other species exhibiting more than 1 mode have been described, such as LB in Catostylus mosaicus, Rhizostoma octopus and R. pulmo (Paspaleff 1938 , Pitt 2000 , Holst et al. 2007 , Straehler-Pohl 2009 , Fuentes et al. 2011 , LBst and longitudinal fission in R. pulmo (S. Franke pers. obs.) and Cassiopea andromeda (Gohar & Eisawy 1960 , Hofmann et al. 1978 and MP in C. cephea (A. Schiariti pers. obs.). However, these observations must be considered exceptional cases with negligible contributions to polyp density.
The species displaying multi-mode strategies possessed the highest repro duction rates. Aurelia and S. malay ensis achieved substantially higher reproduction rates than the species reproducing by mono-mode strategies. Among the latter species, the FSB-producers presented higher rates than the POD-producers. Even though lacking a description of specific reproduction modes, Purcell et al. (2012) observed the same relationship between reproduction rates and reproductive strategies. These authors reported the highest 'budding' rates reached for the multi-mode A. aurita, the lowest for the POD-producer R. pulmo, with intermediate values reached by the FSBproducer Cotylorhiza tuberculata (see Kikinger 1992 for reproduction strategy of C. tuberculata). Thein et al. (2013) also reported higher reproduction rates of Aurelia compared to the POD-producers Chrysaora pacifica and Cyanea nozakii.
Yet, what matters about reproduction rates is not the number of available modes a species can display but how rapidly these modes can develop functional polyps. Aurelia and S. malayensis can display most of the asexual reproduction modes described for the Scyphozoa (Adler & Jarms 2009, present study). However, they propagate almost exclusively (95 to 100%) through LB (or StyB), LBst and ST when food is available. The utilization of these modes (mostly LB) allows a very rapid colonization of available substra tes (Aurelia FR : up to 2.2 scyphistomae d −1 ; S. malayensis: up to 4.5 scyphistomae d −1 ). The formation of a new scyphistoma takes between 3 and 5 d from the first signs of the bud to detachment of the new scyphistoma. The new bud develops its tentacles and starts feeding before detachment, becoming a double-headed polyp with elevated feeding rates, allowing increased energy storage for reproductive and somatic growth. The same pattern has been de scribed for A. aurita s.l. by Han & Uye (2010) . These 'speedy' reproduction modes are present in multi-mode species such as A. aurita, A. limbata, A. labiata and S. malayensis (Adler & Jarms 2009 and references therein, present study). Some of these modes have also been described for other species like Phacellophora camtschatica, Chry saora hyso scella, C. quinquecirrha, Cya nea capillata, C. lamar kii, Catostylus mosaicus, R. pulmo and R. octopus (Lambert 1935 , Gröndahl & Hernroth 1987 , Pitt 2000 , Widmer 2006 , Holst et al. 2007 , Adler & Jarms 2009 and references therein, Straehler-Pohl 2009 , Fuentes et al. 2011 , Holst 2012 . However, as stated above, these reports describe exceptional cases that contribute very little in terms of the population's reproductive output.
In addition to their high Rr, the formation of polyps by means of LB, LBst, or StyB produces scyphistomae right beside the mother polyp, allowing rapid colonization of available substrates when conditions are optimal. On the other hand, Han & Uye (2010) and Thein et al. (2012) observed that A. aurita encyst only under conditions of starvation or food scarcity. Besides, Aurelia start developing MPs once a certain threshold in density is achieved (the carrying capacity of the population) (Melica 2013) . In turn, Aurelia scyphistomae can detach from the substrate and drift with currents in response to overcrowding (Melica 2013) . Thus, the multi-mode reproduction strategy allows Aurelia to colonize the available substrate rapidly when conditions are favourable, to encyst and withstand starvation and other adverse conditions and to develop motile buds or detach in order to facilitate dispersion and avoid the negative effects of inter-or intraspecific competition for space and food. The potential capability to switch its reproductive strategy in response to environmental clues gives Aurelia high adaptability. Considering these features, in addition to the wide tolerance of Aurelia scyphisto mae (and 249 Fig. 6 . Effects of temperature and food supply on reproduction rates and polyp density (PD, number of polyps in each experimental unit) of Aurelia HL scyphistomae after 6 wk. Rr: overall reproduction rates; LB: lateral budding; LBst: lateral budding by means of stolon; ST: reproduction from parts of stolons/stalks. Data are mean numbers of each variable ± standard deviation. Different letters represent significant differences at α = 0.05 me du sae) to environmental para meters (Lucas 2001 , Lucas et al. 2012 , it is not surprising that the species/ lineages of Aurelia are cosmopolitan and exhibit the most frequent bloom events. S. malayensis presents, in general, a reproduction strategy similar to that of Aurelia strains, with the exception of PODs. This species exhibits the highest reproduction rates ever reported for a scyphistoma under laboratory conditions (Adler & Jarms 2009, G. Jarms, A. C. Morandini & A. Schiariti unpubl. data).
As for Aurelia, a considerable propagation capability is achieved, for the most part, through StyB and ST. Again, polyps colonize the available substrate, producing many non-motile particles in short periods of time. S. malayensis is also capable of producing motile particles and detaching from the substrate in order to move from one place to another (Adler & Jarms 2009, present study, A. Schiariti pers. obs.). Furthermore, it can also form planuloids from tentacle tips/ pieces as another mode of producing new polyps and facilitating dispersion (Adler & Jarms 2009). Up to now, the factors that favour the production of these motile products have remained unidentified. However, despite such high propagation capabilities, there has only been 1 report of a S. malayensis bloom (Xian et al. 2005 -al- though the image presented in the paper does not resemble Sanderia). How can one explain that one species commonly blooms and the other does not? The answer may lie in a phylogenetic signal (Dawson & Hamner 2009 , Hamner & Dawson 2009 ), as well as in the factors that regulate strobilation rates and ephyra survival. Although we have maintained cultures of these species for several years in the 3 laboratories, we have no clues as to why strobilation is commonly observed in Aurelia but is very rare in S. malayensis. Furthermore, Aurelia species produce ephyrae through polidisc strobilation, while Sanderia utilizes monodisc strobilation (e.g. Uchida & Sugiura 1978 , Lucas 2001 . Thus, if we double the number of Sanderia scyphistomae we will, at most, double the number of medusae, but, in the case of Aurelia, if we double the number of scyphistomae we might increase the number of medusae 10-to 20-fold.
In contrast to Aurelia, POD formation has not been observed for S. malayensis (Uchida & Sugiura 1978 , Adler & Jarms 2009 . Moreover, this species is sensitive to starvation, with very low or negligible reproduction rates when food is not available. Therefore, reproduction rates might be slow 250 Fig. 7 . Effects of temperature and food supply on reproduction rates and polyp density (PD, number of polyps in each experimental unit) of Sanderia malayensis scyphistomae after 6 wk. Rr: overall reproduction rates; StyB: 'Sanderiatype' budding; ST: reproduction from parts of stolons/stalks; MP: motile budlike tissue particles. Data are mean numbers of each variable ± standard deviation. Different letters represent significant differences at α = 0.05 during low-food periods, and, lacking cysts, the population might decrease in size. However, this is only speculation, and further experiments should be performed to explain which factors control the density of Sanderia scyphistomae, their strobilation rates and the survival and growth of medusa stages. PODs can survive extreme conditions, providing protection against chemical attacks (Blanquet 1972), starvation periods (> 3 yr, A. aurita, Thein et al. 2012; 6 yr, Nemopilema nomurai, Kawahara et al. 2013 ) and predation (Cargo & Schultz 1966 , Hernroth & Gröndahl 1985 . Therefore, it is likely that the capability to encyst has evolved in order to withstand conditions in which polyps would not otherwise survive (Arai 2009). The earliest literature speculated that PODs were produced under stress to provide protection against adverse conditions. Below some food threshold, A. aurita scyphistomae may shift the allocation of nutrition from bud formation to POD production (Thein et al. 2012 ). However, contrasting results have been provided for other species where encystment only occurs when food is available and POD production is accelerated by enhanced food supply. Interestingly, the species which require food to produce PODs are those we have classified in this work as the POD-producers adopting a mono-mode strategy. The production of PODs increases with food supply for the rhizostomes L. lucerna, R. pulmo, R. esculentum, Nemopilema nomurai and Stomolophus meleagris (Jiang et al. 1993 , Lu et al. 1997 , Schiariti et al. 2008 , González Valdovinos 2010 , Purcell et al. 2012 , Kawahara et al. 2013 and for the semaeostomes Chrysaora pacifica, C. quinquecirrha and Cyanea nozakii (Littleford 1939 , Thein et al. 2013 . Therefore, food availability appears to be a key factor triggering POD production. While in the multi-mode species, starvation and food scarcity promote encystment, in the mono-mode POD-producers, food is required for reproduction, as it is for budding in multi-mode species and FSB-producers.
The utilization of cysts to withstand adverse conditions or as a reproductive mode appears to be related to the capability of the species to form polyps by another different and faster alternative, like LB. In contrast to the multi-mode Aurelia, POD production by mono-mode species requires a certain level of energy supply. Above this threshold, POD production rates increase with temperature and food availability, as observed in our present work and in previous studies (e.g. Thein et al. 2013) . Even in Aurelia, once encystment has been triggered, POD production rates appear to increase with temperature (Thein et al. 2012, present study) .
As usual some exceptions can be found, e.g. the sea nettle C. quinquecirrha encysts when temperatures fall below 2 to 4ºC (Cargo & Schultz 1967) . Nevertheless, differences in experimental conditions among studies and other possible factors may have led to controversial results. Other factors have been reported to induce POD production in addition to energy supply. Bacterial fouling has been mentioned as one of the stressful conditions triggering encystment (Cargo & Schultz 1966 , Blanquet 1972 . Schiariti et al. (2008) attributed the high POD production rate observed for L. lucerna to a combination of conspicuous bacterial fouling in culture dishes and the experimental temperature and feeding conditions. However, observations of several POD-producers (e.g. L. lucerna, C. lactea, C. achylos, C. colorata, C. fuscescens) from our laboratory cultures indicate that unattached scyphistomae are not capable of producing PODs. As described above, the production of PODs requires the formation and attachment of a stolon. Hence, special substrate properties, and probably the presence of bacterial fouling, influence the attachment rate of stolons (Schmahl 1985) . Therefore, differences in the substrate conditions utilized in the different experiments may have influenced podocyst production rates through their influence on stolon attachment.
CONCLUSIONS
Our results confirm some general trends discussed in the literature, but here we have provided experimental data on several scyphozoan groups to corroborate speculation in the literature. The main results of our experiments show that with increasing temperature and food supply the rate of asexual reproduction of several species is increased. These conditions are major symptoms of the deterioration in marine environments caused by several anthropogenic actions that favour jellyfish (viz. Purcell et al. 2007 , Richardson et al. 2009 ). Our data clearly show that at higher temperatures and levels of available food polyp density increases. If polyp density increases, the magnitude of blooms is augmented considerably. However, the potential for a species to regulate its polyp density depends on the capability of adapting its reproductive strategy in response to the environmental conditions.
Beyond the recruitment rate of settled planulae, polyp density is exclusively dependent on asexual reproduction rates. Thus, those species capable of producing non-motile particles (LB, LBst, ST) would exhibit the highest reproduction rates, followed by those producing FSBs and PODs. In the latter case, not only the slowest reproduction rates, but also the need for 2 sets of environmental stimuli in order to produce new polyps (one for encystment, another for excystment), makes this mode of reproduction the slowest of those observed to be utilized for propagation.
On the other hand, species capable of producing podocysts can reduce mortality rates through encystment. Although it is true that this also reduces actual polyp density, these populations have the potential to re-grow once favourable conditions have returned, enhancing their blooming potential as described by Kawahara et al. (2013) . Alternatively, the species that produce motile particles can potentially avoid or reduce competition for space and food by reaching new settlement sites. At the same time, we observed that the FSB-producers are among this group, which, as mono-mode species, have no other alternatives for propagation. These species are mostly tropical and more sensitive to cold temperatures. Therefore, scyphistomae that are not capable of encystment are found throughout the mid-to late summer but are completely absent during winter and early spring (C. xamachana; Fitt & Costley 1998) . In these cases, not only scyphistoma density but also the continuity of the species strongly depends on the success of sexual reproduction and its pelagic stages.
Therefore, the ability of multi-mode species to switch their reproductive strategies in response to environmental conditions increases the fitness of these species and enhances their potential to bloom. 
